This report presented 4 cases of glycogen storage diseases. To investigate these cases, the galactose tolerance test, epinephrine test and glucagon double test were performed. Biochemical and enzymological procedures were also employed to tissue samples. Activities of twenty two glycolytic enzymes were determined. Total liver phosphorylase activity was measured by using dephosphophosphorylase kinase.
There was no consanguinity in her family history. The patient showed retarded growth and a doll face, and the liver was palpable 12 cm below the right costal margin. Intravenous pyelogram revealed slightly enlarged kidneys, but the normal excretion. The remainder of physical examinations were not remarkable. Case 2. T.S. 6-month-old-boy. He has often caught cold and had frequent attacks of faintness and was found to have an enlarged liver at the age of 3 months. The liver was palpable 10 cm below the right costal margin. There was no consanguinity in his family history.
Case 3. S.N. 10-year-old girl.
She showed the protuberant abdomen and suffered from repeated infections of upper respiratory tracts since her early infancy. She has experienced no episode of convulsion or faintness. She began to have general malaise and a sensation of fullness in the upper abdomen 6 months before the admission. Her two male siblings had enlarged livers and frequent episodes of convulsion and died in their early infancy. Another 19 years old male sibling was healthy. There was no consanguinity in her family history. The patient retarded growth, a doll face and an enlarged liver palpable 7 cm below the right costal margin. Intravenous pyelogram revealed slightly enlarged kidneys. The remainder of the physical findings was not remarkable.
Case 4. S.Y.
24-year-old man. He was a product of full-term normal delivery, and showed retarded growth and mental defect. But he has not experienced any episode of convulsion or faintness. Secondary sex characters failed to develop at the age of his puberty. One of his two siblings, 21 years old male had enlarged an liver, but showed the normal growth and sexual development. There was no consanguinity in his family history. The patient weighed 44 kg and was 153 cm tall. The liver was palpable 8 cm below the right costal margin. Pubic hair was sparse and the penis remained infantile.
Hormone studies were performed in detail in case 4. Urinary gonadotropin excretion was reduced to 6 units per day (normal 12--24 units). Urinary pregnandiol and 17KGS excretion were normal. Urinary catecholamine excretion, various kinds of thyroid function tests and serum insulin like activity before and after oral glucose loading were respectively within normal range.
On roentogenological examination, the sella turcica and cerebral ventricles were normal in size and shape and the epiphyseal lines of long bones remained open.
Methods used for biochemical studies
Blood glucose was determined by glucose oxidase method. 11~ Blood galactose was estimated by subtracting the value of blood glucose from the value of blood sugar obtained by the method of Somogyi. ~ Blood lactate was determined by LDH method of Hohorst) ~ Tissue samples were obtained under open surgery at least 8 hours fasting. No glucose was administered to the patient during the operation until biopsy specimens were taken. Assays of enzyme activity were clone within the range where proportionality to incubation time and enzyme concentration was obtained. On determination of the defective enzyme, it was ascertained that additive activity was obtained on adding rat liver homogenate to the reaction mixture containing the homogenate from the patients. To prevent the artificial inactivation of the enzyme, every precaution was taken in the process from sampling to assays. Assays of glucose-6-phosphatase, phosphorylase and phosphofructokinase were carried out on fresh samples immediately after the resection. Methods used for enzyme assay are summarized in Table 1 .
Phosphorylase and glucose-6-phosphatase are very labile in unfrozen tissue, but the latter is quite stable in frozen tissue? 9~ Glucose-6-phosphatase activity was re-assayed on a frozen sample when its activity was very low on a flesh sample. The same activity of glucose-6-phosphatase was reproducibly obtained on the frozen sample as well as on the flesh sample in this study. Dephosphophosphorylase and phosphorylase were isolated and purified from the dog liver according to Sutherland et al. ~1) and used as substrates for the assay of dephosphophosphorylase kinase and phosphorylase phosphatase in the liver. Liver phosphorylase activities have been usually measured without addition of dephosphophosphorylase kinase in the literature. In the present report, dephosphophosphorylase activity was determined by the difference between the activity of phosphorylase and the activity of total phosphorylase which was measured after addition of dephosphophosphorylase kinase prepared from the dog liver according to Sutherland et al. 82>5~ The length of the outer chains of glycogen was determined by phosphorolysis using phosphorylase-a which was isolated from the rabbit muscle and 11 times recrystallized according to Cori et al. 34~ Limit dextrin 51~ was prepared from the rabbit liver glycogen, using the same muscle phosphorylase-a above, and used as the substrate for the assay of amylo-1, 6-glucosidase activity.
Results

Loading tests.
Glucose tolerance tests showed slow return to the fasting level of blood sugar in case 1 and 3. In case 2 the level of blood sugar continued to increase up to 120 minutes. In case 4 there was a normal response of blood sugar on one occasion, but no significant rise of the level of blood sugar on other occasions (Pig. 1).
No essential rise of blood glucose level was demonstrated in response to the intra- venous administration of galactose 52~ in case 1. Case 3 showed slight rising of blood glucose level. There was a significant response in case 4 ( Fig. 2 ). Blood sugar failed to rise in response to epinephrine injected in fasting state in case 1 and 3, but a normal response was observed after the administration of epinephrine at 2 hours after meal in case 3. On the other hand, there was normal response of blood sugar to epinephrine injected in fasting state in case 4 (Fig. 3) .
No essential rise of blood sugar level was seen after glucagon administration 58~ both in fasting state and at 2 hours after meal in case 1. In case 3, glucagon administered in fasting state failed to yield appreciable amount of rise of blood sugar level, and administration at 2 hours after meal caused a normal blood sugar response on the first test but failed on the second test. Glucagon double test was performed twice in case 4. Normal responses in fasting state and no response at 2 hours after meal were observed (Fig. 4) . Table 3 and 4 show the results obtained from enzymological studies on liver and muscle specimens. The liver biopsy specimen from case 1 revealed a very high content of glycogen with normal structure, absence of glucose-6-phosphatase and low normal activity of total phosphorylase. Glycogen content in the muscle was normal.
Enzymological findings
The liver specimen from case 2 showed an increase in the content of glycogen with short outer chains, lack of amylo-1, 6-glucosidase and reduced activity of glucose-6-phosphatase. Glycogen content and phosphorylase activity were normal respectively in the muscle.
The liver specimen from case 3 demonstrated the markedly reduced activities of glucose-6-phosphatase and amylo-1, 6-glucosidase associated with a very high amount of glycogen with short outer chains. The muscle specimen from case 3 showed a markedly reduced activity of amylo-1, 6-glucosidase associated with the normal amount of glycogen with short outer chains. In case 4, an increased amount of glycogen was recognized in the liver, but no enzymological abnormality was found both in the liver and muscle specimens.
Discussion
In case 1, failure to convert galactose to glucose, lack of response to epinephrine, normal response normal response minimal response to glucagon both in fasting state and at 2 hours after meal are compatible with the absence of glucose-6-phosphatase associated with increased amount of glycogen with normal structure in the liver. In the assay of glucose-6-phosphatase, non-specific phosphatase activity was not separately determined, so that the value of glucose-6-phosphatase activity in this study includes the activity of non-specific phosphatase. The very low value of glucose-6-phosphatase activity in this case could be considered to show the actual absence of glucose-6-phosphatase. These findings are consistent with those of type I glycogen storage disease. The activity of total phosphorylase activity in the liver was relatively low in this case. This findings was not unusual in the liver of children with other types than liver phosphorylase deficient types of glycogen storage diseases. 11) In case 2, striking findings in biochemical analyses are a reduced activity of glucose-6-phosphatase and lack of amylo-1, 6-glucosidase accompanied by an increased amount of glycogen with short outer chains in the liver. From these findings, it is strongly suggested that glycogen storage in the liver in case 2 is due to lack of amylo-l, 6-glucosidase. Content of muscle glycogen was normal. Illingworth m reported that the glycogen level in the muscle was not elevated in about a quarter of cases with rnuscle amylo-l,6-glucosidase deficiency. Since the structure of glycogen and the activity of amylo-1, 6-glucosidase in the muscle were not assayed in case 2, possibility of amylo-1, 6-glucosidase deficiency in the muscle still remains. Association of decreased glucose-6-phosphatase activity and amylo-1, 6-glucosidase deficiency will be discussed later. In case 3, conversion of galactose to glucose was slightly demonstrated. Normal responses of blood sugar to glucagon and epinephrine injected at 2 hours after meal were observed, in spite of no response to each of these injected on fasting. These facts suggest the presence of functioning glucose-6-phosphatase and the lack of amylo-1, 6-glucosidase in the liver. Biochemical studies on a liver specimen from case 3 actually indicated the absence of amylo-1, 6-glucosidase associated with a very high content of glycogen with short outer chains and a markedly reduced activity of glucose-6-phosphatase. In a muscle specimen, the absence of amylo-1, 6-glucosidase and the presence of glycogen with short outer chains were shown. But glycogen content remained within the normal range. These findings indicate that case 3 could be classified as the type IIIa glycogen storage disease. Clinical pictures and the results of loading tests in case 4 did not apply to the concept of any one of the type I, II and III of glycogen storage diseases. Various kinds of endocrinological tests performed in case 4 showed no abnormal result except for the urinary excretion of gonadotropin. Biochemical analyses of tissues revealed an increase in the content of liver glycogen with the normal structure, but no demonstrable enzyme deficiency was found among the enzymes examined including almost all kinds of glycolytic enzymes. According to Hers' criteria TM of the type VI glycogen storage disease, this case might be classified as this type VI glycogen storage disease.
There have been reported some cases of glycogen storage disease where double enzyme defect was observedP -~7) Most of them showed a combination of the decrease of both amylo-1, 6-glucosidase and glucose-6-phosphatase activity. Case 2 and 3 belong to this group. Although multidefect has been attempted to be explained by "operon-theory ''56) or "copy-choice" hypothesis 57), Hers n) and Steinitz 5s~ described in their review that double enzymic defect has not been proved in glycogen storage diseases up to date. In case 3, a hypoglycemic response was encountered with postprandial epinephrine test. Postprandial glucagon test was performed twice, and hyperglycemic response was demonstrated on one occasion and no response on the other. These findings suggest two important things: first, the presence of functioning glucose-6-phosphatase in the liver, second, loading test should be repeatedly carried on. Slight blood glucose response to galactose loading in case 3 might result from the adaptive change of glucose-6-phosphatase to a diminished glycogenolysis suggested by Hers u~. It must be emphasized that diagnosis of glycogen storage diseases should be based not only on results of enzyme assay but also on findings of repeated loading tests la~.
Case 4 was a rare case of glycogen storage diseases accompanied by an impaired sexual development. In this case, however, any demonstrable enzyme defect was not found. Hug et al. 3~*)6) reported a case of hepatic glycogenosis with a low activity of phosphorylase and increased urinary catecholamine. In their patient, the administration of either glucagon or epinephrine increased the abnormally low activity of phosphorylase to the value within normal range. Moses et al. 14) reported a case of hepatic glycogenosis with the markedly reduced activity of glucose-6-phosphatase and the deficiency of amylo-1, 6-glucosidase, and they found increase in the activity of glucose-6-phosphatase to the normal level after administration of triamcinolone. In case 4, various kinds of endocrinological tests showed no abnormal result except for a reduced urinary excretion of gonadotropin. Hypoglycemia was not restored with the administration of gonadotropin and testosterone in spite of the appreciable improvement of sexual characteristics. There has so far been reported only a single case of glycogen storage disease associated with hypogonadism in literature. The case reported by Gutman et al. 21) showed the very high content of glycogen with normal structure in the liver, muscle, erythrocytes and leukocytes, and no abnormality in glycolytic enzymes except for the slightly decreased glucose-6-phosphatase activity. The underlying cause which caused abnormal glycogen storage and the disturbance of sexual development or the interrelationship between these two abnormalities was not made clear in case 4.
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